Summary Nursing home residents with a history of hip fractures or prior osteoporotic fractures were found to have an increased risk of another osteoporotic fracture over the ensuing two years when compared to nursing home residents with no fracture history.
Introduction
Hip fractures exact a heavy toll on older adults, especially nursing home (NH) residents [1, 2] with annual incidence rates of 3-6% for hip fractures [3] [4] [5] . Residents of NHs with a hip fracture are 15 times more likely to be admitted to a hospital in the month after their fracture than NH residents who do not sustain a hip fracture [2] . Studies have evaluated risk factors for hip fractures in residents of longterm care facilities; they include increasing age, female sex, falls, cognitive impairment, neurological disease, impaired mobility, and urinary incontinence [3, 4] .
While osteoporotic fractures are a risk factor for subsequent osteoporotic fractures in community-dwelling patients [6] , we are unaware of studies that have addressed the impact of previous fractures on subsequent fractures in NH residents. Because of the high prevalence of osteoporosis and fall risk factors in NH residents, it is possible that the importance of previous fracture as a marker for subsequent fracture risk may be diminished.
Upon admission to a Medicare or Medicaid funded-NH and at least every 90 days thereafter, each resident undergoes a comprehensive evaluation using the Minimum Data Set (MDS). The MDS contains the following information: demographics, functional status, some medical problems, selected medications, and treatment programs. Work has shown that the MDS can be used to assess hip fractures and other osteoporotic fractures in residents of long-term care facilities [3] [4] [5] . We used the North Carolina MDS assessments of NH residents and Medicare hospital claims to identify residents at risk of subsequent fractures. We calculated the rates of fractures in Medicare enrollees who spent time as NH residents by prior fracture status. We identified demographic and medical characteristics associated with fracture after NH stay.
Materials and methods

Study population
This study uses data collected by the Carolinas Center for Medical Excellence, the North Carolina Quality Improvement Organization. The study was exempt from Institutional Review Board approval.
Minimum Data Set assessments from North Carolina NHs were used to identify the potential patient population. All MDS assessments conducted during the calendar year 2000 were selected (n=251,799). If a resident had more than one assessment during the calendar year, the first assessment was selected to eliminate duplicates and retain a population of all residents who were in NC NHs for any period of time during the year (n=72,950). This population was linked with the Medicare Enrollment Database to identify North Carolina Medicare enrollees (n=31,165). The study population was restricted to enrollees aged 50 and older (n=30,655). The study population of Medicare enrollees with an NH stay during 2000 represented 3.3% of NC Medicare enrollees in the year 2000.
Classification of prior fracture status and subsequent fractures
North Carolina Medicare hospital claims were examined for a 7-year period (1996) (1997) (1998) (1999) (2000) (2001) (2002) to identify hospitalization with a hip or other fracture. Primary and secondary diagnosis codes from the hospital claims were used to identify hospitalization claims for fractures (ICD-9 codes 820× or 733× for hip fractures and codes 821×−829× for other osteoporotic fractures). All hip or osteoporotic fractures were included regardless of the potential cause of the fracture.
The NH assessment reference date was used as the index date. Fracture-related hospitalizations occurring prior to the NH admission were classified as "prior" fractures. Prior fracture status was analyzed using three categories: history of prior hip fracture; history of other fractures; and no recent (1996) (1997) (1998) (1999) (2000) history of either type of fracture. Participants with both hip and non-hip fractures were included in the prior hip fracture group.
Fractures after the NH admission were classified as "subsequent" fractures. Using the NH assessment reference date and the date of fracture, time to subsequent fracture (in days) was calculated. Enrollees who were fracture-free were assigned the number of days of observation (either the number of days from NH admission until the end of the study window or the number of days from NH admission until death). Cumulative subsequent fracture rates were calculated from the date of NH assessment through the follow up-period by prior fracture status.
Identification and definitions of characteristics of the study population
Characteristics of the study population were obtained from the Medicare Enrollment Database (age, race, sex, and date of death) and the MDS assessment (comorbidities, medication use, history of falls, and length of stay in the NH). Age was examined as both continuous and categorical formats. As a categorical variable, it was classified into four groups: age 50-64; age 65-74, age 75-84, and age 85 and older, with the younger age group serving as the referent for modeling. Race was dichotomized, with Caucasian compared with all other races. Length of stay was examined in two categories: less than 90 days and 90 days or more, with the longer stay serving as the referent in models. Health conditions from the MDS were treated as dichotomous variables, either present or not. Two variables were available to capture fall history and each was dichotomous: fall history in the past 30 days (Yes/No) and fall history in the past 31-180 days (Yes/No). History of dizziness, fainting or unsteady gait were categorized as present or not. Medication use contained four categories: 1-2 medications; 3-5 medications, 6-9 medications, and 10 or more. Use of five types of medication was also assessed with the MDS: anti-psychotic, anti-anxiety, anti-depressant, hypnotic, and diuretic medications. Type of medication variables were all dichotomous (Yes/No).
Analytic approach
Our primary goal was to characterize the effect of prior fracture history on subsequent fracture risk in a population of adults with NH stays. To avoid the potential to attribute increased risk to fracture history when it was due to some other condition, we sought to identify and control for other factors that had the potential to confound the association between prior fracture and subsequent fracture. For a factor to act as a confounder, it must be related to both the exposure of interest, in this case, prior fracture status, and the outcome of interest, subsequent fracture, and cannot be in the causal pathway [7] . We conducted a series of analyses to assess associations between enrollee characteristics and prior fracture status and associations between those same characteristics and subsequent fracture. Statistical analyses were conducted in SAS, version 9.1 (SAS Institute, Cary, NC, USA) using Chi-squared and t tests as appropriate to the variable classification. A significance level of 0.05 was used for statistical inferences. Statistical tests were adjusted for multiple comparisons using the multitest procedure in SAS. Cumulative fracture rates were calculated at 3 months, 6 months, 1 year, and 2 years, using the NH assessment reference date as the start of the interval.
Cox proportional hazard regression was used to estimate the relative risk of fracture within 2 years of admission to NH associated with prior fracture status. The proportional hazard assumption for the Cox regression models was evaluated and the proportional hazard model was deemed appropriate.
Multivariate modeling was conducted to assess the association of prior fracture status controlling for other potential confounders. Two variables representing prior fracture risk (one for prior hip fracture and one for other type of fracture) were included in the models with those with no prior fracture serving as the referent. Age, race, sex and length of stay were included in all models as control variables. Additional potential confounder variables were tested for significance in the multivariate models if they were associated with the independent variable (prior fracture status) or outcome (fracture within 2 years of NH admission) [7] . We began with a model containing all potential covariates and, using a backward approach, dropped variables from nested models one-by-one using the -2 log likelihood test to assess fit of the reduced model [8] . Hazard ratios were computed by maximum likelihood techniques.
Results
In 2000 there were 30,665 Medicare enrollees in North Carolina aged 50 years and older who had stayed in an NH.
Although the majority of enrollees had no recent history of fracture (Table 1) , a substantial number (n=7,257) had prior hip fractures and a small number (n=663) had evidence of other fractures based on Medicare hospitalization claims. The prior hip fracture group was older than both the group with history of other fractures and those with no history of fracture (Table 1) . Enrollees in both the prior hip fracture and other prior fracture groups were more likely to be Caucasian and female than enrollees with no recent history of fracture. A higher proportion of enrollees in both prior fracture groups were short-stay (less than 90 days) residents compared with the group with no fracture history, and were more likely to have a history of a fall in the last 30 days. Two conditions recorded in the MDS were less common in both groups of enrollees who had previous fractures: dementia of the non-Alzheimer's type and history of cerebrovascular disease. Several conditions were noted as more prevalent in the group with prior hip fracture, but not the group with other types of prior fractures, compared with those with no fracture history: history of a fall in the past 31-180 days, unsteady gait, use of 10 or more medications, and the use of antidepressant medications. Several health conditions were less prevalent in the hip fracture group: hemiplegia, history of seizure, and diabetes.
Eleven percent (n = 3,381) of enrollees suffered a subsequent fracture within 2 years (Table 2 ). Characteristics associated with increased fracture risk within 2 years were: older age, white race, female sex, NH stay of less than 90 days, arthritis, transient ischemic attack, depression, emphysema, prior history of falls (in both the 30-and 31-to 180-day time periods), unsteady gait, ten or more medications, and use of three specific medications: antianxiety, antidepressant, and hypnotic medications. Medical characteristics associated with decreased risk of subsequent fracture were: non-Alzheimer's dementia, cerebrovascular accident, hemiplegia, seizure, diabetes, and use of fewer medications.
Fracture rates were highest among the group with a history of prior hip fractures and lowest among those with no history of prior fracture (Table 3 ). Elevated fracture rates for the two groups with prior fracture were observed as early as 3 months and throughout the study window. The cumulative 2-year fracture rates were: 23.9% for those with prior hip fracture, 15.1% for those with history of non-hip fracture, and 6.8% for those with no history of fracture.
The probability of remaining fracture-free, as represented by the survival curves for fracture risk (Fig. 1) was statistically significantly longer for those without a prior history of fracture compared with those with a history of prior hip or other fractures. The unadjusted hazard ratio for those with a history of hip fractures was 3.88 (95% CI: 3.62, 4.15) compared with those with no prior history of fracture, and 2.11 (95% CI: 1.72, 2.58) for those with a history of other types of fracture (Table 4) . Although adjustment by age, race, sex, and length of stay in an NH reduced the estimated hazard associated with prior fracture, the risks of subsequent fracture remained significant: HR= 3.08 (95% CI: 2.87, 3.31) and HR=1.84 (95% CI: 1.50, 2.25) for prior hip fracture and prior other fracture respectively.
Results from the multivariate analyses showed a significantly increased risk of subsequent fracture within a 2-year follow-up associated with prior fracture status, even after adjustment for other patient conditions. In the final model ( 
Discussion
This study suggests that a history of hospitalization for a prior fracture, whether it is a hip fracture or another type of fracture, is a major risk factor for subsequent osteoporotic fractures for NH residents. The magnitude of this risk is similar to that observed in community-dwelling adults [6] . The cumulative 2-year fracture rate is 23.9% in residents who have a prior hip fracture, highlighting the need for secondary fracture prevention in this group. Lindsay et al. report a similar 19.2% vertebral fracture rate in the first 12 months after the incident vertebral fracture in four 3-year clinical trials [9] . Colon-Emeric and colleagues reported that the rate of subsequent self-reported fractures after a hip fracture in community-dwelling adults was 10.4 fractures/ 100 person-years [10] . The present study confirms that despite the high prevalence of osteoporosis and other fracture risk factors, prior osteoporotic fractures appear to be a marker for residents at extremely high risk of subsequent fractures. The characteristics of residents who have had a prior hip fracture or other osteoporotic fracture observed in this study were: Caucasian race, female gender, a history of falls, a history of arthritis, use of 10 or more medications, and use of antidepressant and hypnotic medications. These characteristics are similar to those reported by other groups [11] [12] [13] [14] [15] [16] , with the exception of arthritis. We postulate that people with arthritis may have a higher risk of falling and thus were more likely to have had a fracture. Furthermore, we cannot determine how many participants had rheumatoid arthritis, a risk factor for osteoporotic fractures [17] . NH residents who were there for a short stay (less than 90 days) were more likely to have had a prior fracture, probably reflecting the large number of older patients who require short-term rehabilitation in NHs after a fracture, possibly biasing against those with a previous fracture. Several diseases associated with an increased risk of fractures including cerebrovascular accidents and hemiplegia, were less common in participants with previous fractures. Although these diseases have all been previously associated with fractures and an increased risk of falling [18] [19] [20] , each disorder as it progresses limits mobility. Residents with these diseases severe enough to cause admission to a NH may have been less mobile than community-dwelling people with the same disease and, thus, less at risk of fracture.
Our study results are consistent with earlier research for four health conditions associated with an increased risk of osteoporotic fractures: depression, emphysema, falls in the past 31-180 days, and unsteady gait, as well as the use of antianxiety medication [4, 11, 15, 18, 21] . An MDS history of arthritis was again found to be a predictor of fractures and we offer similar interpretations of these data (vide supra). Our findings of decreased risk of subsequent fractures associated with cerebrovascular accidents, hemiplegia, and diabetes are in contrast to prior research that has identified these conditions as risk factors for fractures [22] [23] [24] [25] . Our data are consistent in that both prior fractures and subsequent fractures are less commonly seen in patients in our study with neurological conditions. However, a recent study suggests that among people with stroke, those at greatest risk of fracture are those with moderate functional impairment; stroke patients with mild or severe impairment are less at risk of fracture [26] . Thus, people who are admitted to NHs with a stroke or hemiplegia may have significant functional limitations, causing them to be less at risk of fracture. We have no explanation for our finding of an inverse association between diabetes and fractures.
Our study has several limitations. First, fracture ascertainment was done by review of hospitalization data. Previous research has shown that Medicare hospital claims can accurately identify hip fractures, but are less sensitive to other types of fractures, especially those that are less likely to require hospitalization [27] . Thus, our referent group, those with no history of prior fracture, likely contains individuals who did indeed have prior fractures. The inclusion of individuals with prior fracture in the [28] . This is consistent with the instructions for completing the MDS, which indicate that only conditions relevant to the NH stay should be noted. The ability of MDS to capture and accurately represent the prevalence of all health conditions potentially relevant to hip fracture is unknown. In addition, the MDS did not contain information on the use of osteoporosis prevention medications, so we were unable to identify any patients who were under treatment to prevent future fractures. However, it is unlikely that knowledge of the use of fracture protection medications would alter the results observed. A prior study of North Carolina NH residents showed low use of osteoporosis medications [29] . These data demonstrate that NH residents with prior hip or other fractures warrant interventions to reduce their fracture risk. Several studies have documented that NH residents are frequently not treated with therapies that can reduce their subsequent risk of fracture [29] [30] [31] . While it is possible that a portion of such patients are not appropriate candidates for osteoporosis treatment due to co-morbidities and life expectancy, we believe this study should prompt evaluations of therapies to reduce the rate of fractures in this high-risk population.
